In order to investigate the influence of coal blending with waste rubber on coke quality, the pyrolysis performance of rubber powder was analyzed, and the coking experiment of coal blending was carried out in 70 kg test coke oven. The experimental results showed that the pyrolysis range of waste rubber was similar to that of blended coal by analyzing the pyrolysis characteristics of waste rubber. The ash content (A d ), coke reactivity index (CRI) and coke strength after reactivity (CSR) would decrease, while the sulfur content (S t, d ) of coke would increase with the increasing of coal blending ratio of waste rubber. The specific surface area of coke increased from 1.5m 2 /g to 3.5m 2 /g, the Lc of coke microcrystalline structure and the degree of graphitization decreased gradually with increasing the ratio of waste rubber from 0% to 6% in coal blending. The optical structure of coke showed that the fine-grained mosaic structure increased and the degree of anisotropy of coke (OTI) decreased.
Yang Jiamo [3] et al. introduced an advanced catalytic cracking technology for waste rubber tires. The waste rubber tire particles were catalytically cracked into cracking, gasoline fraction, diesel fraction and heavy oil fraction through the reactor, and the residual solids could be processed into carbon black. Roy C. [4] pyrolyzed respectively natural rubber and industrial rubber products at 500 degrees. It was found that the yield of limonene would be higher under low pressure, and the pyrolytic carbon black is closer to the raw carbon black. The microwave-induced pyrolysis technology was used in the rapid pyrolysis experiment by Ani F. N. et al. [5] . The microwave-induced rapid pyrolysis could greatly increase the reaction rate and reduce energy consumption compared with the traditional pyrolysis method. The optimum temperature range for microwave-induced pyrolysis of rubber was about 400-500℃. Wu Minghua et al. [6] found that there was a good synergistic effect between coal and waste rubber powder through co-pyrolysis of coal blending and waste rubber powder in fixed bed. Liu Xia et al. [7] [8] simulated the high temperature coking process in metallurgical industry though 2kg pyrolysis device and investigated the characteristics of co-coking product though coal blended with waste rubber. The results showed that co-coking could improve gas composition, coal tar yield and coke quality. When 3% waste tire was added into coal blending, there was synergistic effect between them, which could increase tar yield, and the most significant effect could lighten tar compared with coking from raw coal alone, the crushing strength (M10) of coke increases by 3.6%, the strength after reaction (CSR) increases by 4.2%. Zhou Shixue et al. [9] co-pyrolyzed strongly cohesive coal and waste rubber though 1 kg/h rotation as a reactor. The results showed that waste rubber could prevent the cohesion between coal particles and obtain granular coke during pyrolysis. Waste rubber tyres could promote the formation of anisotropic structure of coke.
There were quite different coking of waste rubber added into coal blending from previous experimental research and actual coke oven production. Therefore, 70 kg test coke oven would be used to investigate co-coking with waste rubber added into coal blending in this paper. The effect of coke process index and coke structure would be discussed though co-coking with waste rubber added into coal blending, which could provide a possible technical way for the treatment of waste rubber.
EXPERIMENTAL Experimental Materials and Instruments

EXPERIMENTAL MATERIALS
The waste rubber is rubber powder with 60 mesh size. Its industrial analysis and sulfur content are shown in Table 1 . The coke reactivity test was conducted by the self-developed HYCOKE-1 type coke pyrogravimetric analyzer. The pore structure of coke was observed by Poremaster GT-60 mercury porosimeter produced by QUANTACHROME Company, and the microcrystalline parameters of coke were determined by Dutch PANalytica X'PERT Pro System X-ray diffraction instrument. Thermogravimetric analysis (TGA) was performed using a Mettler Toledo TGA/SDTA851e.
Experimental Method
CRI and CSR were determined according to GB/T4000-2008 "Test Method for Reactivity and Post-reaction Strength of Coke". The pore structure of coke was determined according to GB/T 21650.1-2008 "Mercury Pressure Method and Gas Adsorption Method for Measuring Pore Size Distribution and Porosity of Solid Materials". The determination method of coke optical structure is determined by reference to industry standard YB/T077-2017. Coke microcrystals were analyzed with X-ray diffraction (XRD) (40kV, 40mA, Cu Kα radiation, D/MAX-2400).
The thermal decomposition of waste rubber was studied to determine the appropriate pyrolysis temperatures. About 10 mg of sample was placed in a ceramic crucible and pyrolyzed under 30 mL/min high-purity N 2 flow at a heating rate of 3℃/min from room temperature to 900℃.
RESULTS AND DISCUSSION
Pyrolysis Characteristics of Waste Rubber
Thermal gravimetric analysis is widely used in compounds pyrolysis. There is close degree of the pyrolysis interval and the weight loss rate of coal and waste rubber though thermal gravimetric analysis, which suggested that the degree of influence. The weightlessness curve of waste rubber is shown in Figure 1 . It is observed that the curve of waste rubber begin slowly at about 130℃ and a major weight-loss stages at temperature of about 300 and 450℃,the weight loss peak was due to the decomposition of waste rubber. The weight loss rate increases rapidly from 300 ℃ to 450℃, and the final residue is about 33.5%.
Coal is a natural organic macromolecule. Like other macromolecule compounds, infrared spectroscopy can be used to study the groups in its structure. The main functional groups and differences between waste rubber and blending coal were detected by FT-IR spectrometer.
Figure2 showed that there is a large absorption peak near 3500-3300 cm -1 for waste rubber and blended coal, which is a self-associating hydrogen bond absorption peak for hydroxyl group. It is observed that the peaks of vitrinite in coal samples are relatively "wide" near 3500-3300 cm -1 , and there are absorption peaks near 3000-2750 cm -1 for gas-coal samples and waste rubber, which are caused by C-H stretching vibration in -CH 3 and -CH 2 matrix structures. The absorption peak of inplane stretching vibration of H in -CH 2 and -CH 3 is found at 1300 cm -1 . The absorption peaks at 1600 cm -1 are mainly caused by three kinds of vibration: C=C(Ar) stretching vibration with-O-substitution, hydrogen bond resonance absorption peak formed by C=O and-OH, which is the contribution of carboxyl group, and C=O stretching vibration. There are CH-based absorption peaks of aromatics, out-of-plane deformation and folding peaks of aromatics and benzene rings near 870-700 cm -1 in coal samples. Therefore, the waste rubber should replace the gas coal for coal blending and coking, so as to achieve better substitution effect.
Effect of Co-Coking with Waste Rubber on Coke Quality
Waste rubber was used instead of gas coal in coal blending and coking at the proportions of 1%, 2%, 3%, 4% and 6%. Coke was obtained by 70 kg test coke oven. There were analyzed the technological characteristics and microstructure of coke, and was discussed the feasibility of coal blending with waste rubber.
EFFECT WASTE RUBBER ON AD AND St, D OF COKE
The effect of different proportions of waste rubber on ash and sulfur content of coke is shown in Figure 3 .It is observed that from Figure 3 , with the increase of the proportion of waste rubber, the ash content of coke shows a downward trend. When the proportion of waste rubber is 6%, the ash content of coke decreases by 0.1%, and the overall change is not significant. While the sulfur content of Coke tends to increase. When the addition ratio of waste rubber is about 2%, the sulfur content of coke increases by 0.03%, and when the ratio is 6%, the sulfur content of coke increases by 0.07%.
THERMAL STRENGTH OF COKE
The relationship between CRI and CSR with the addition of waste rubber is shown in Figure 4 .It is observed that when the addition ratio of waste rubber in coal blending is less than 2%, the CRI and CSR remain basically stable, mainly due to the co-coking synergy between waste rubber and coal, when the addition ratio of waste rubber in coal blending is more than 4%, the CRI increases and the CSR decreases. Therefore, the coal blending ratio of waste rubber should be controlled in the range of 2%, the ash content of coke decreased slightly, the sulfur content increased slightly, and the CSR increased slightly after reaction. 
Effect of Co-Coking of Waste Rubber on Coke Structure
TRUE DENSITY AND APPARENT POROSITY OF COKE
The true density and apparent porosity of coke were measured which obtained from addition different ratio of waste rubber in coal blending, and the results were shown in Figure 5 . It showed that the true density of coke decreases and the apparent porosity increases with the increase of the proportion of waste rubber added in blended coal. When the ratio is 2%, the true density of coke decreases by 0.01kg/m3, the apparent porosity increases about 0.67%, and the change is not significant. When the proportion of waste rubber added is 6%, the true density of coke decreases by 0.07kg/m3 and the apparent porosity increases by 5%.
EFFECT ON MICROCRYSTALLINE STRUCTURE OF COKE
Coke is a porous carbonaceous material which could be consisting of pore, pore wall and crack. The pore wall has a significant effect on the thermal strength of coke. Carbon atom arrangement would be tended to be ordered, forming a microcrystalline structure -the most basic structural unit of the pore wall when the blending coal would be high temperature carbonization in the coke oven. Coke belongs to polycrystalline carbon. The graphite-like carbon G component gradually forms and grows in coke with the increase of heat treatment temperature, and graphitization occurs. The main parameters that mark the structure of graphite microcrystalline are the spacing of surface network layer d002, the stacking height of layer Lc and the diameter of surface network La. Figure 6 showed that the stacking height Lc and the graphitization degree decrease gradually with the increase of the proportion of waste rubber added in blended coal. It is observed that the addition of waste rubber in blended coal affects the matrix structure of coke, and the reduction of graphitization degree is unfavorable to the mechanical strength of coke.
EFFECT ON THE MICROSTRUCTURE OF COKE
The pore volume and specific surface area of micropore, mesopore and macropore are obtained by processing the experimental data of mercury injection, as shown in Table 2 . Table 2 showed that the micropore volume and mesoporous volume of coke increase gradually with the increase of the proportion of waste rubber added in blended coal, while the macropore volume decreases gradually. The specific surface area of micropore showed an obvious increasing trend with the increase of the proportion of waste rubber added, while the pore volume of coke macropore and mesoporous changes little. The proportion of waste rubber added in blended coal from 0% to 6% increased the specific surface area of coke from 1.5m 2 /g to 3.5m 2 /g. When the ratio of waste rubber was 2%, the specific surface area of micropores increased to 2.5m 2 /g, while the mesopores and macropores changed little.
EFFECT ON OPTICAL STRUCTURE OF COKE
Some active components of blending coal are softened and melted to form mesophase structure, namely optical structure of coke in the coking process. The results of several cokes are shown in Table 3 .
It is observed from Table 3that the summation of mosaic of coke showed an increasing trend with the increase of the proportion of waste rubber added in blended coal, because of the fine mosaic structure (Mf) increasing, while the incomplete fibrous (Fi) and Flaky (F) showed a decreasing trend. The OTI value of coke showed a downward trend with the increase of the proportion of waste rubber added in blended coal. The results indicated thatMf increases, Fi and the anisotropy of coke decreases with the increase of the proportion of waste rubber in blended coal.
CONCLUSIONS
The pyrolysis characteristics of waste rubber showed that the pyrolysis range of waste rubber is similar to that of blended coal, and the infrared spectrum of waste rubber is similar to that of blended coal, which provides a possibility for co-coking with waste rubber instead of gas coal. The 70 kg coke oven test showed that the ash content of coke decreases, the sulfur content rises, and CSR decreases with the increase of the proportion of waste rubber added in blended coal. The A d decreases slightly, the S t, d and CSR increases slightly when the addition ratio of waste rubber is about 2%, the quality of coke basically remains stable.
Microstructure analysis of coke obtained from coal blending with waste rubber showed that the true density of coke decreases and apparent porosity increases with the increase of the proportion of waste rubber added in blended coal. Mercury porosimetry showed that the proportion of waste rubber added in blended coal from 0% to 6% increased the specific surface area of coke from 1.5m 2 /g to 3.5m 2 /g. The analysis of coke microcrystalline structure indicated that the addition of waste rubber in blended coal affects the matrix structure of coke, and the reduction of graphitization degree is unfavorable to the mechanical strength of coke. The OTI value of coke showed a downward trend which indicated that Mf increases, Fi and the anisotropy of coke decreases with the increase of the proportion of waste rubber in blended coal.
